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INTRODUCTION
Hepatitis B virus (HBV) isthe most common etiologic
agent for infectious liver diseases. It is estimated that
therearemorethan 250 million chronic HBV carriersin
the world today and there is a significant association
among persistent infection, liver cirrhosis and
hepatocellular carcinomal*3. The control of HBV
infectionsisthought to be mediated by both humora and
cellular immune responses involving neutralizing
antibodies as well as class | and class || major
histocompatibility complex (MHC)-restricted
T- cellg*%. Among the HBV antigens, a number of
studies have highlighted the importance of the human
immuneresponseagaing theHBcAgandHBeAg during
HBYV infections. During acute HBV infection,
cytotoxicity T lymphocyte (CTL) specific for HBCAg
and HBeAg can be detected in the circulation of the
infected host. In contrast, in chronic HBV infection,
HBcAg and HBeAg-specific CTL and T-helper cell
activity are not readily detected. The cumulated data
suggest that CTL activity may play animportant rolein
resolving HBV infection'®*Y,

DNA mediated immunization has been shown to
be an novel method to induce both humoral and cell-
mediated immune responses against many different
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antigens including HBV antigens!*?*3, We have
demonstrated that the DNA vaccinebased onHBV core
genehasstrong humoral and cellular immunogenecity in
different species of micel®**®., In our experiments, we
have further investigated the immunogenecity of this
DNA vaccinein rhesusmonkeys. Theresults show that
the DNA vaccine of HBV core gene can prime obvious
antigen-specific antibody and cell mediated immune
responses.

MATERIALS AND METHODS

Preparation of DNA vaccine of HBV core gene
The control plasmid (pJwW4303) and DNA vaccine of
HBV core gene (pJW4303/HBc) were propagated by a
large amount of culture of thetransformed E.coli strain
of HB101. Plasmid DNA was purified with QIAGEN
Plasmid MegaKit (QIAGEN, Germany).

Rhesus monkeys

Four rhesus monkeys (2 male, 2 female, 3 years of age)
were purchased from Special Animal Breeding and
Raising Center, Xingye, Henan Province, Chinaand
maintained at the animal house in Beijing Medical
Univerdty. Themonkeysweredividedintoexperimental
group and control group (2 monkeysin each group).

Protocols of DNA immunization
Themonkeysintheexperimenta groupwereimmunized
with plasmid pJW4303/HBcand that inthecontrol group
wereimmunized with plasmid pJW4303. Theplasmids
weredissolved in normal salineto afinal concentration
of 1 g/L. Each time one monkey received 4-site
intramuscular injections with atotal volume of 2 mL
plasmid solution containing 2 mg plasmid DNA. Three
boosts with same dose were given at an interval of 2
months. The monkeys' sera before and after
immunizationswere collected and stored at -30°C.

Detection of anti-HBc antibody

Anti-HBc antibodies in monkeys’ sera were first
detected by Abbott Imx System (Abbott, USA)
according to the manufacturer’s instructions and
end-point titers of anti-HBc antibody were then
detected by an enzymelinked immunosorbent assay
(ELISA). The procedures were asfollows: (U The
96-well microplates were coated with recombinant
HBcAg (1 mg/L) and blocked with PBS containing
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10% FCS. @ Three-fold dilutionsof monkeys' sera( 1:
50,1:150,1:450...... 1:984150) wereadded totriplicate
wells. 3 HRP labeled rabbit anti-human IgG (Sino-
American Biotechnology Co.) at thedilution of 1:3000
was used as second antibody. @) The substrate solution
(TMB) was then added to each well and reaction was
stopped by 2M H,SO,. & The absorbence value was
measured at wavelength of 450 nm by an EL1SA reader.
Microplatewashingswere performed between each step
with PBST solution. Theend-point of anti-HBctiter was
defined asthe highest serum dilution that resulted in an
absorbence value two times that of non-immune or
control serum.

Detection of IgG subclasses of anti-HBc
Subclasses of anti-HBc antibodies were detected in
the sera of the monkeys positive for anti-HBc. The
procedures were similar to the ELISA method
mentioned above for detecting anti-HBc, except that
serum was diluted to 1:30. 1:500 diluted sheep anti-
human 1gG1, 1gG2, 1gG3 and 1gG4 (Nordic
Immunologica Laboratories, Tilburg, the Netherlands)
were used asthe second antibody, and 1:5000 diluted
HRP labeled rabbit anti-sheep 1gG (Jackson Immuno-
Research Laboratories Inc, PA, USA) was used as
thethird antibody.

Detection of IFN-y and IL-4 in PBMC culture
supernatant

The procedures were as follows: ) PBMCs were
separated from heparinized monkey blood by Ficoll
gradient sedimentation method. 2 PBMCs were
resuspended with RPM1-1640 containing 10% FCSto a
final concentration of 2 x 10° cells/ mL. 3 PBMC
suspension 250 uL (5 x 10° cells) wasadded totriplicate
wellsin a24-well cell culture plate, and recombinant
human I L-2 (500U/well) was added aswell. (4) Except
for control wells, PBMCsin each triplicate wellswere
restimul ated with recombinant HBcAg at different doses
of 5ug/well, 10 ug/well and 12.5 pg/well. ) After 48 h
incubation under the condition of 37°C, 5% CO,, the
supernatant was collected from each well and stored at
onceat -70°C. ® IFN-y and IL-4 concentrations were
detected by the ELISA kits( Jnmel Biotechnology Co.,
Shenzheng, China).

PBMC proliferation assay

The procedures were similar to that for detecting
IFN-y and IL-4 in PBMC culture supernatant,
except that (U PBMCs were incubated for 72 h;
(2 0.5 uCi *H-TdR was added to each well and
followed by another 4h incubation; PBMCs were
then collected onto filter membrane which were
then backed 2 h at 80°C; and the radioactivity
(CPM) was determined by a beta-scintillation
counter (Beckman). The PBMC proliferation
activity was expressed by Stimulation Index (SI),
which was calculated according to the following

formula: (Sl = CPM of HBcAg stimulated well/CPM of
non HBCAg stimulated well). Sl value greater than 2
was generally considered as having antigen specific
PBMCproliferation.

RESULTS

Anti-HBc IgG and its end-point titer in monkey’s
sera

The results of anti-HBc 1gG and its end-point titer in
monkey’s seraare shownin Table 1.

Table 1 Anti-HBc in sera of experimental and control monkeys

Anti-HBc antibody
Monkey Group
No. 0 month 2 month 4 month 6 month 8 month

End-point

1 Experimental Ne# pr N/D¢ N/D N/D  1:36450
2 Experimental N N P P P 1:109350
3 Control N N N N N 1:150
4 Control N N N N N 1:150
2N: negative

b P: positive (in Abbott Imx System, the detected value less than 1.
00 was considered positive for anti-HBc).
¢ not detected because of death.

Subclasses of anti-HBc IgG in sera of
experimental group of rhesus monkeys
Subclassesof anti-HBclgG (1gG1, 1gG2, IgG3and 1gG4)
were detected in the experimental monkeys (No.1 and
No.2), which werefound to be positivefor anti-HBcin
the previoustests. Theresultsare shownin Table 2.

Table 2 Subclasses of anti-HBc 1gG and 1gG1/1gG2 ratio in
rhesus monkeys’ sera

Monkey No. 1gG1 1gG2 19G3 19G4  1gG1/1gG2
1 0.61+0.01*  1.02 +0.08 0.32 +0.02 0.12+0.01 0.60
2 0.61 +0.04 1.05+0.04 0.40 +0.01 0.18+0.03 0.58

2 The values indicated x * s of triplicate wells.

IFN-y and IL-4 levels in culture supernatant of
PBMCs stimulated with recombinant HBCAg
IFN-y and IL-4 levels were detected in monkey No.2
(experimenta group) and monkey No.3 (control group).
Monkey No.1 and No.4 died before this test was
performed. Theresultsare shownin Table 3.

Table 3 IFN-yand IL-4 values in culture supernatant of PBMCs

Monkey No. Group IFN-y (ng/L) IL-4 (ng/L)
2 Experimental 15.63 6.25
3 Control <3.13 6.25

HBCcAg specific PBMCs proliferation activity in
experimental and control groups of rhesus
monkeys

HBcAg specificPBMCsproliferation activitieswere
measured in monkey No.2 and No.3 by the time of
12 months after first immunization. Theresultsare
listed in Table4.
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Table4 HBcAg specific PBMC proliferation activity*

HBCcAg dose for stimulation (pg/well)

Monkey  Group
No.

0 5 10 12.5
2 Experimental 354.4 + 64.5 984.9 + 105.4% (2.74) 1364.9 + 47.9%(3.83) 890 + 155.6° (2.12)
3 Control 198.4 + 3.9 2745 + 33.2 (1.37) 2615 + 28.2 (1.32) 250 + 70.0 (1.24)

*Theva uesintheteblerefer to CPM (x+ sfromeachtriplicatewell), theva uesinthebracketsindicatesimulationindex (S).

3P<0.05 vscontrol monkey.

DISCUSSION

DNA-mediated immunization refersto theinduction of
an immune response to antigen expressed in vivo
subsequent to the introduction of DNA carrying the
protein coding sequences and the regul atory elements
needed to express them!*¢17, An important feature of
DNA-based immunization isthe in situ production of
the expressed protein (s), mimicking aviral infection.
The endogenous synthesis should allow presentation of
antigens by class| molecules of MHC, resulting in the
induction of CD8 + cytotoxic T lymphocytes (CTL)!l,
There have been several experimented reportsinwhich
recombinant plasmid DNA wasused toinduceimmune
responsesto particular pathogens, including malarid?,
herpes simplex virus (HSV)??, influenza A'?Y, rabies
virug®, simianimmunodeficiency virus(SIV)i?, human
immunodeficiency virustypel (HIV)?¥ and hepatitisB
virus (HBV)!=32,

In our earlier work, the HBV core gene fragment,
which was modified to assurethe highlevel expression
of HBcAg™, was successfully cloned into the plasmid
pJW4303, the vector containing CMV immediate early
promotor. This recombinant plasmid was named
pJW4303/HBc. TheDNA immunizationusingpdW4303/
HBc among Balb/c (H.d) and C57BL/6 (H.b) mice
showedthat thisrecombinant couldinducestrong humora
(antibody) and cellular (CTL) immune responses®.

When evaluating theimmunogenecity and safety
of potential DNA vaccine for eventual usein humans,
thenonhuman primatemodel sshould beconsidered. The
best nonhuman primate candidate woul d bethose closest
to humans on a phylogenetic basis. However, cost and
other considerations may preclude studiesin hominoid
species, such as chimpanzee, orang utans, gorillas, and
gibbons. Based onthecost andavailability, nonhominoid
primate speciesincluding rhesusmonkeys, represent the
aternative candidate nonhuman primate speciesfor pre-
clinical immunogenecity studies®=,

Townsend et al®” observed the specific immune
responses in mouse and rhesus monkeys after
genetic immunization with retrovirus vectors
expressing different forms of the hepatitis B virus
core and e antigens. Their results showed that
intramuscular injections with 10® CFU of the the
LHBc-Neo retrovirus vector into rhesus monkeys

induced HBc/eA g-specificantibody productionand CD8
+ CTLs. The CTL responseislong-lasting, and being
detectable aslate as 16 weeks after immunization.

We used the plasmid as the vector to carry HBV
core genefor DNA immunization in rhesus monkeys,
which was different from the observation above the
reason for that is that the safety of the vector for
retrovirus vector wasintegratabl e to the host genome.

In our experiments, all 4 monkeys were negative
for anti-HBc before DNA immunization. After
intramuscular immunization of pJW4303/HBc and
pJwW4303, the monkeysin the experimental group all
developed anti-HBc antibody while the monkeysin
the control group all negative for this antibody,
indicating that thisDNA vaccine could induce antigen
specific humoral responsein rhesusmonkeys. Wea so
found that the monkeys in the experimental group
could show different antibody response profiles.
Monkey No.1 becamepositivefor anti-HBc (1:36450)
after the first immunization while monkey No.2 was
not negative for anti-HBc until the second
immuni zation and the antibody titer becamehigher (1:
103 950) aslate asthetotal four immunizationswere
accomplished. This different antibody production
profiles might indicate the individual differencein
responseto DNA immunization.

In human and other hominoid primates, the serum
1gG exhibited four subclasses,i.e., 1gG1, 1gG2, IgG3and
|gG4. Therdativeconcentrationsof thesel gG subclasses
were60%-70%for IgG1, 15%-20% for 1gG2, 5%-10%
for 1gG3, and 1%-7% for 1gG4. When looked into the
antigen specificlgG antibodiestheconcentrationof IgG1
and 1gG2 and its ratio 1gG1/IgG2 could reflect the
response profilesof helper T cells(T-H1 typeor T-H2
type) to someextent. Generally speaking, 1gG1/1gG2<1
or |lgGl/1gG2>1 reflected T-H1 type or T-H2 type
immune responses. The previous data showed that T-
H1 type response was beneficial for the clearance or
eradication of chronic infected viruseswhilethe T-H2
type- responsewasusually correlated totheexacerbation
of immunopathogenic damage of host tissues®.
Fdtquateet al hadfoundthat intramuscular immunization
of DNA vaccines was prone to induce T-H1 type of
immune response, thereby facilitating the recovery of
the host from chronic viral infection®. Our resultsalso
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demonstrated that two monkeys intramuscularly
immunized with HBV core DNA vaccineal exhibited
T-H1 type of immune response based on the fact that
their IgGL/IgG2ratiosweredl lessthan 1 (0.60 and 0.58,
respectively).

The profiles of cytokine production were another
indicators of helper T cell responses“®*4, |FN-y,
IL-2, TNF-a and GM-CSF were usually considered
as T-H1 type cytokines, whilelL-4, IL-5and IL-10
were T-H2 type cytokines. IFN-y and IL-4 were
chosen in this experiment to observe helper T cell
responses after DNA immunization of HBV core
gene in rhesus monkeys. IFN-y level was
significantly higher in the culture supernatant of
PBMC from the monkeys immunized with HBV
core DNA vaccine than that from monkeysinjected
only with control plasmid (15.63 ng/L vs<3.13ng/L).
At the sametime, IL-4 levelsin both monkeyswith
injections of pJW4303/HBc or PJW4303 were
similar (6.25 ng/L vs 6.25 ng/L). The results
indicated |FN-y prominent cytokine profilein the
monkey immunized with HBV core DNA vaccine.
Thisresult combined with the result of 1gG1/1gG2
ratios mentioned above further confirmed the T-
H1 type immune responses in the monkeys of the
experimental group.

Cell-mediated immune responseiscritical for the
termination of chronic HBV infections“*>*". Antigen
specific lymphocyte proliferation assay is an
alternative for the CTL assay to evaluate the cell-
mediated immune responsel®®. In this experiment,
theHBcAg specific PBMC proliferation activity was
seen in the monkey immunized with pJW4303/HBc
but not in the monkey injected with pJW4303 (P<0.
05). After stimulation with three different doses of
HBCcAg, the stimulation index (Sl) wasall >2inthe
experimental monkeys but all <2 in the control
monkeys, which strongly indicated that DNA vaccine
of pJW4303/HBc could induce antigen-specific cell-
mediated immune response in rhesus monkeys.

Sdllberg et al reported that DNA immunization of
HBV core gene using retrovirus as vector could
markedly decrease the HBV DNA level in the sera
of experimental chimpanzees, and even induce the
seroconversion of HBeAg to anti-HBel*?. Our
results showed that using plasmid as vector the
DNA vaccine could also stimulate the immune
responses in nonhuman primate rhesus monkeys,
which was obviously helpful and beneficial for the
host to inhibit and eventually eradicate chronically
infected virus, including hepatitis B virus. Asthe
designer vaccines for the 21st century, DNA
vaccines demonstrated its feasibility of inducing
specific cellular immunity in humans®. Webelieved
that DNA vaccine of HBV core gene may become
apotential therapeutics for the treatment of chronic
HBYV infection in humansin the near future.
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